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PS09.01.12 4f-ELECTRON DENSITY DISTRIBUTION IN 
CeB6 AND ITS TEMPER4-TURE DEPENDENCE. Kiyoaki 
Tanaka, Chemistry Department, Nagoya Institute of Technology, 
Gokiso-cho. Showa-ku, Nagoya, 466, and Yoshichika Ohnuki, 
Physics Department, Osaka University, Machikaneyama-cho, 1-
l, Toyonaka 560, JAPAN 

The electron density in CeB6 was measured at lOOK, 165K, 
230K and 298K and the large peaks on the deformation density 
map near Ce were first confirmed to be those of 4f-electrons by 
the X-ray Atomic Orbital Analysis. The results at the four 
temperatures will be also compared to reveal the origin of the 
Kondo effect of CeB6. 

Rare-earth elements have been widely used in indust1ies and 
they are also involved in high-temperature super conductors. 
However the measurement of the f-electron density has been 
judged to be difficult mainly because of the much severer 
systematic errors such as absorption, extinction and multiple 
diffti·action(MD) of compounds with heavy atoms. Recently we 
have demonstrated that the MD could not be neglected in accurate 
structure factor measurements of crystals with heavy atoms and 
started the measurement avoiding the MD. The structure factors 
thus measured at 165K and I OOK revealed the large peaks along 
<100> around Ce. They were analyzed based on the crystal field 
model utilizing the scattering factors calculated with the relativistic 
atomic orbitals and confirmed to be those ofTlu 4f-orbitals in the 
Oh crystal field. The deformation density around B conesponds 
very well to the calculated molecular orbitals of the B6 molecule 
and that of CaB6 composed only of the light atoms, which guarantee 
the accuracy of the present expe1iment. 

PS09.01.13 ELECTRON DENSITY STUDIES OF IVIETAL 
SQUARATE COMPLEXES. Chi-Rung Lee, Chih-Chieh Wang. 
Gene-Hsiang Lee, Yu Wang, Department of Chemistry, National 
Taiwan University. Taipei, Taiwan 

Metal squarate complexes. M(C404)(H20k (M = Fe, Co, 
Ni, Zn), are known to have a polymeric chain slructure with C4042-
served as a bridge ([.L-2) ligand, between two metal ions at trans
position. Each metal ion is bonded to two C;042- and four water 
molecules. They are all isostructural with space group C2/c. A 
complete Ewald sphere of data is measured up to 28 of 100° by 
using Mo Ko: radiation at 11 OK for Fe and Zn complexes and 130K 
for Ni and Co complexes. Such carefully measured intensities are 
used to investigate the detail electron density distribution in order 
to understand the chemical bonding and the d-orbital splitting sub
jected in the ligand field. Results on the electron density distlibu
tion will be presented in the fonn of defonnation density maps, 
where indepent isolated sphe1ical atom are substracted from the 
molecular electron density. Defonnation density will be presented 
in tenn of LlPx-x• il.Pm-a (multipole model) and Ll.p calculated from 
the MO calculation.The interesting bent-bond feature on the four
membered-ring ligand C4042-can be easily illustrated by the de
fonnation density distributions. The asphericity in electron densi
ty distribution around the metal ion is also clearly demonstrated. 
The comparison on this series of 3d-transition metal complexes 
will be presented in tenns of d-orbital populations and the defor
mation density distribution. The total number of d-electrons from 
the experiments are 6.02, 6.82, 7.81, 8.56 respectively for Fe(II), 
Co(II), Ni(II), Zn(II) ions in these compounds. 

.PS09.01.14 X-N STUDY OF THE ELECTRON DENSITYDJJ:S
TRIBUTION IN Ni(ND3)4(N02h AT 9 K. F. Krebs Larsen and 
B.B. Iversen, Department of Inorganic Chemistry, University of 
Aarhus, DK-8000 Aarhus C, Denmark, and B1ian N. Figgis, Depart
ment of Chemistry, University of Western Australia, Nedlands, WA 
6009, Australia, Philip A. Reynolds, Research School of Chemistry, 
Australian National University, Canbwa, ACT 0200, Australia, and A.J. 
Schultz, IPNS,Argonne National Laboratory, Argonne, IL60439, USA 

The electron density distribution (ED) ofNi(ND3l4(N02h has 
been detennined ti·om 9 K AgKo: X -ray diffraction data in combina
tion with 13 K Time-of-flight (TOF) neutron diffraction data. Ex
cellent agreement is obtained between positional and thermal pa
rameters derived separately from the two experiments. This demon
strates that also for complex systems, TOF neutron diffraction can 
produce structural parameters of a quality comparable to measure
ments with monoclu·omatic neutrons. The valence orbital model used 
to model the ED in a previous study of Ni(ND3l4CN02h (1) tumed 
out to be inadequate for describing the more accurate very low-tem
perature data which extend to sin8/A.= 1.4 A-1. Instead a multipole 
model with extra radial flexibility is used to obtain a satisfactmy 
description of the data. The bonding in Ni(ND3)4(N02l2 is discussed 
based on representations of the total ED. Topological analysis of the 
static model density is used to describe the metal-ligand interactions. 
Both ligands are bonded toNi through closed shell interactions, but 
the ellipticity in the Ni-nitro bond is larger than in the Ni-ammine 
bond. This suggests larger pi-type contributions to the Ni-nitro bond 
than to the Ni-ammine bond. 

l. B.N. Figgis. P.A. Reynolds. S.J. Wright. j. Am. Chem.Soc. J OS ( J 983) 434-440. 

PS09.01.15 CHARGE AND SPIN DENSITY IN SOME HY
DRATES OFI\'l:CKELSALTS: !BONDING AND ARTIFICIAL 
EFFECTS. I. Olovsson, G. J. Mcintyre*, H. Ptasiewicz-Balz**. In-· 
stitute of Chemistry, University of Uppsala. Box 531, S-751 21 
Uppsala, Sweden, *Institut Laue-Langevin, B. F. 156, F-380 42 
Grenoble Cedex 9, France, **Nuclear Chemistry & Technology, 
Dorodna 16,03-195 Warsaw. Poland 

There appears to be conflicting experimental evidence on the 
redistribution of the charge density in the lone-pair and other regions 
of a molecule due to the interaction with its nearest neighbours. In 
some experimental as well as theoretical deformation density maps 
a decrease in the lone-pair density has been rep011ed, whereas in 
other cases an increase has been found. It appears that two major, 
counteracting factors are responsible for these differences: an in
crease in the lone-pair density is expected due to the polmizing in
fluence of the neighbours, whereas simple superposition of the iso
lated monomer defonnation densities may lead to an appm·ent de
crease clue to the overlap with the negative contours of the 
neighboming atom. Depending on which of these factors is the dom
inant one, an increase or decrease in the lone-pair density may be 
observed. 

TI1ese facts will be illusiTated by recent results on some hydrates of 
nickel salts. TI1e charge densities have been determined at RT and 25K 
by multipole refinement against single-crystal X-ray intensity data. The 
charge densities based on the fitted defonnation f1.mclions of all atoms in 
the stmctme me compared with the individual densities calculated from 
defom1ation f1.mctions of only Ni or the separate water molecules. In t!J.is 
way tl1e effect of simple superposition of tl1e individual densities has 
been studied. Polarization of tl1e lone-pair densities, reflecting tl1e differ
ent coordination of tl1e water molecules, is clearly evident, an effect which 
is nmmally considered too small to be detected experimentally. 

TI1e spin densities have been determined by polmizecl neutron dif
fraction at 1.5 Kin a magnetic field of 4.6 T. The chm·ge and spin densi
ties observed m·e in good agreement witl1 tl10se expected from ligand 
field tl1eory for a cJS electron configw·ation of Ni2+ in botl1 weak and 
sn·ong ligand fields. 


